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This  report  documents  the  design  analyses  and  test  results  that 
were  performed  in  the  development  of  a Multi-Ray  Ablation  Sensor. 
The  sensor  was  designed  to  measure  nosetip  ablation  along  nine 
individual  rays  with  a single  photon  counting  tube  (Digicon  tube) 
The  sensor  measures  ablation  by  measuring  the  change  in  gamma- 
ray  activity  of  radioactive  sources  located  in  the  nosetip.  Nine 
Csl  scintillators  convert  the  Incident  gamma-rays  into  photons 
(light)  which  are  coupled  to  the  photon  counting  tube  with  
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20.  ABSTRACT  (Continued) 

fle.xible  fiber  optic  light  guides.  The  light  guides  are  posi- 
tioned on  the  Dig  icon  tube's  photocathode  so  that  the  photoelec- 
trons generated  by  light  guide  photons  are  electrostatically 
focvised  to  a corresponding  diode  on  the  anode  end  of  the  tube. 

The  nine  light  guide  images  on  the  photocathode  are  focused,  one- 
to-one,  on  a corresponding  array  of  diodes.  The  photoelectrons 
are  accelerated  and  focused  witli  -15  kV  and  an  electrostatic 
lens.  The  signal  outputs  from  the  diodes  are  amplified  and 
shaped  for  input  into  conventional  reentry  vehicle  telemetry 
Interface  electronics.  ^ 

Three  prototype  Multi-Ray  Ablation  Sensors  were  fabricated  and 
tested  to  determine  the  sensor's  electrical  and  nuclear  perfor- 
mance and  their  performance  under  vibration.  The  tests  show 
that  the  sensors  are  inherently  low-noise  and  highly  efficient 
multiple  gamma-ray  counters  witji  excellent  gain  stability. 

Random  vibration  tests  at  0.8  g^-yilz  show  that  the  sensor  is 
uneffected  by  vibration  provided  a vibration  isolation  system  is 
used  to  support  the  Digicon  tube-amplifier  assembly. 

The  Multi-Ray  Ablation  Sensor  is  concluded  to  be  efficient  in 
both  nuclear  and  electrical  performance  and  off(?rs  e.xtreme 
fle.\ibility  in  packaging.  The  sensor  electronics  can  be  sepa- 
rated from  the  vibration-insensitive  scintillators  with  fiber 
optics.  This  allows  extremi'  flexibility  in  collimator  design 
because  of  the  miniature  scintillation  detectors.  Also,  the 
electronics  can  be  packaged  in  areas  of  the  vehicle  with  low 
vibration  Inputs  and/or  greater  packaging  flexibility. 
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The  studies  described  in  Uds  report  were  performed  by  Prototype  Development 
Associates,  Inc.  (PDA),  Santa  Ana,  California,  aixl  Science  Applications,  Inc.  (SAl),  under 
subcontract  to  PDA,  for  the  Defense  Nuclear  ARency  (DNA)  uiKier  Contract  Numbers  DNA 
()01-7.')-C-0315  aixl  DNA  OOl-Tii-C-Ol-lO.  Major  T.  W,  S\\’artz  was  tlie  DNA  Cuntractiii); 
Officer's  Hcprosentative.  The  work  was  sponsored  by  the  Space  and  Missile  Systems 
Organization  (SAMSO),  Air  Force  Systems  Command,  Los  Angelos,  California.  The  SAMSO 
Project  Officer  was  Captain  M,  Elliott.  Dr.  S.  Hrelant  of  The  Aerospace  Corporation 
served  as  the  principal  technical  monitor  for  SAMSO. 


The  technical  effort  was  performed  under  the  direction  of  11.  1..  Mootly  of  PDA 
and  Dr.  V.  Orphan  of  SAl.  Significant  contributions  to  the  effort  were  provided  by 
Dr.  11.  Ginaven,  Dr.  V.  Verbinski,  Mr.  J.  Brayors  and  Mr.  E.  Julian. 
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C onvorslon  Ittolors  for  U.  S.  custoinaiy  to  nu*trlc  (SI)  unit 

< of  measurenu’iU. 

To  Convert  Kroin 

'I'o 

Multiply  By 

angstrom 

meti'rs  (m) 

1. 000  000  X K - 10 

atniost>l\('re  ^normal) 

kilo  ivtscal  (kl*!!) 

1.013  35  X 1-;  *2 

tia  r 

kilo  laiscal  (kl‘a) 

1 . 000  000  X K 1 2 

lia  rn 

meter“  (m^) 

1. 000  000  X K -28 

I'rltlsh  Uu'rmal  untt  (thermoehemlcal) 

Joule  (J) 

1.051  3.50  X K *3 

ealorle  (thermwhemli'al) 

Joule  (.1) 

4.  181  000 

eal  (ll»ern»oehemleal)/cm^ 

mega  Ji>ule/m‘  (MJ/m‘) 

4. 184  000  X K -2 

euiie 

giga  becquercl  (t!Bq)^ 

3.700  000  X K *1 

ili'Hree  tiuicle) 

radian  (rial) 

1.745  320  X K -2 

ile^ree  Kahivnhett 

ilcgrce  kelvln  (K) 

(t"  f • 453.  07)/!.  8 

electron  volt 

Joule  (J) 

1.002  13  X K -13 

eitt 

j<Hile  (J) 

1. 000  000  X K -7 

ein/secoml 

watt  (W) 

1.000  000  X K -7 

foot 

meter  (m) 

3.048  000  X K -1 

fiv>t-  jamihl-  force 

Jmilc  M) 

1.355  818 

Itallon  (II.  S,  liquUI) 

meter''  (m'') 

3.785  412  X K -3 

Inch 

meter  (m) 

2 . 54  0 000  X K -2 

Jerk 

Jo«ile  ^kilo)’rain  (J/kg)  (roillutlon  dose 

Joule  (.1) 

1 . 000  000  .\  K ^ 3 

libsorluHl) 

Cray  (Cy)’* 

1 . 000  000 

kllotons 

tcrajoules 

4.  183 

kip  (1000  Ibf) 

newton  (N) 

4. 448  222  X K i3 

kip 'Inch”  (ksl) 

kilo  (lascal  (kl’a) 

0.834  757  X K *3 

ktap 

newbm-sceonil/ m^ 

(N-s/m“) 

1. 000  000  X K *2 

micron 

meter  (n\) 

1. 000  000  X K -0 

mil 

meter  (m) 

2.  .54  0 000  X K -5 

mile  (International) 

meter  (m) 

1.003  344  .X  K +3 

OUlll'i* 

kilogram  (kg) 

2. 834  352  X K -2 

fx>uial-(orcc  (Itif  avolrxlupols) 

newton  ^N) 

-I.  I IS 

poiiial-forcc  Inch 

newton  n\eter  (N-m) 

1.  123  848  X K -1 

janua  1 - fo  rce  / 1 nc  h 

newb>n/meter  (N/m) 

1. 751  208  X K *2 

janinil-  forcc/fiM-vt" 

kilo  jwseal  (kl'a) 

4.788  020  X K -2 

piHnul-(orce/inch“  (psl) 

kilo  )>ascul  (kl'a) 

0.834  757 

pouml'inass  (Ibm  avoirdupois) 

kilogram  (kg) 

4 . 535  324  X K - 1 

piHind-mass-ftwt"  (moment  of  inertia) 

kilogram -meter" 

piHind-  mass/foot^ 

(kg-m“) 

4.214  on  X K -2 

kilogram/meter'* 

(kg/m'*) 

1.001  840  X K • 1 

rad  (radiation  dose  absorbed) 

Cray  itiy)^* 

l.OOO  000  X K -2 

ro«-ntgen 

eoulomb/kllogram  (C/kg) 

2. 573  700  X K -4 

shake 

second  (s) 

1.000  000  X K -8 

slug 

kilogram  (kg) 

1.453  330  X K *1 

torr  (mm  llg,  o”  C) 

kilo  iMiscal  (kl\i) 

L_ 

1.333  22  X K -1 

•The  becquercl  (llq)  Is  the  Si  unit  of  radioactivity;  1 Bq  ••  1 event/ s 

••The  lirgy  (Ciy)  Is  the  SI  unit  of  absorbcil  radiation. 

A more  complete  listing  of  conversions  mgy  be  found  In  "Metric  lYactlce  Culde  K 380-74," 

American  Society  for  Testing  and  Materials. 
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Nliu'-Chiinnol  Multi- Kuy  Sonsor  Sohomatif 
NliH'-C'haiuu'l  Son.Hor  CoinpuiuMUs 
SohtMuatlo  of  l>-t'haimfl  Dluloon  ami  Amplifiers 
Multi- Kay  Vibration  Spool  float  Ions 
Multl-Kay  St>nsor  Vohlolo  Klootiioal  Sohomatlc 
lU'Utlor  l>os4{n  for  Nliu'-t'haniiol  Dl^loon  Tubt' 

Nlno-f'hannol  l)lj;ioon  TuU'  t.'om|H>iH'nts  ('rubo  lUnly,  KlootiDstatlo 
Foous  C'ono,  aiul  NIuo-IMihIo  Array  lloailor) 

SolntUlator  aiul  Optloal  C'oupllnn 
Multl-Kay  IVtootor  Contatnor 
Fllx'r  iH'ffral  Seal 

Transmission  Moasuronu'tits  for  Fll>or  ( >ptlo  l.lKht  tIuUlo 

TransmlssUlty  of  C'amIUlato  Flln'r  Optlos 

Typloal  IMlso  lloluht  Olstrlbutlon  fn>m  the  Dluloon 

Four-y’hannol  Dluloon  IMlx'  IMlso  lloluht  Distribution 

Kffoot  of  IMbo  Volta>;o  on  l*ulso  llol>;ht  Spt'otrum 

Kffoot  of  Amplifier  Shaping  'I’lme  t'onstant  on  Pulse  Heljjht 

Kffoot  of  DUhIo  Bias  \’oltane  on  l*ulse  llebtht 

Nlne-t'hannel  Dluloon  l*ulse  Height  Distributions 

Kesjwnse  of  Dl^litm  TuIh'  to  Soan  Aoross  Fiber  t>ptlo  Ma>;nifler 

MeasuroK  Nuolear  KKlolenoles  of  Sensor 

T>’pleal  Sensor  Vibration  Test  Kleotrloal  Sohomatlo 

Sensors'^  3ol  Vibration  lest  IMlse  lleljiht  Distributions 

(Voltimo  Applied  to  TuIh') 

Sensor  S/N  351  Vibration  Tost  l*\ilso  Height  Distributions 
(No  Voltage  Applioil  to  TuIh>) 

Pulse  lleight  Distribution  I'omparison  Pretest  and  Durinp;  0.  S p;-  Hz 
Kandom  Vibration 
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Sensor  Knvlronmontal  IVsijjn  Keciuirements 
Summar>'  of  Pivamplifier  IVvelopment  Kffoil 
Filx'r  I'plie  I'able  Transmission  Measurements 
Sensor  Hardware  Subjooteil  to  Kandom  Vibration  rests 
Dl^'toon  DiIh'  S/N  35‘J  Vibration  Test  Count  Kate 
Dtutoon  Dibe  S/N  ttol  X'lbratlon  I'est  Count  Kate 
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1.0  ENTRODl'CTIDN 

A Multi-Ray  Ablation  Sensor  has  been  ilevelopt*il  for  measurlnj’  nosetip  anil,  if  applic- 
able, ' atshlelii  ablation  alonp:  nine  iiulliicluiU  rays.  The  sensor  uses  a compact  digital  photon- 
countli\g  tube  (IHglcon  tubt')  that  is  capable  of  measuring,  simultaneously,  ablation  along  nine 
Imllvldual  rays.  The  sensor  and  associated  electronics  were  designed  and  fabricated  for  potential 
use  on  reentry  vehicles  umier  contracts  UNA001-75-C-0315  and  l)NA001-7(i-C-01-10.  The  sensor 
has  uiHiergone  electrical,  nuclear  and  simulated  i-eentry  vibration  testing  for  the  purpose  of  evalu- 
ating sensor  performance  imder  simulated  reentrs’  environments  ami  in  typicid  nosetip  and  vehicle 
configurations. 

The  sensor  hr.s  been  developeti  in  three  phases.  In  I’hase  !,  the  basic  feasibility  of 

using  Dlgicon  tubes  for  multiple  ray  ablation  sensors  was  Investigated  and  the  results  art'  descrlbt'il 

in  Reference  1.  In  Phase  1,  the  Multi-Ray  Ablation  Sensor  was  mocked  up  in  the  laboratory  ami 

18‘’ 

nuclear  detection  efficiency  (for  “Ta),  cross  talk,  background  and  ablation  sensitivity  were  deter- 
mined in  a preliminary  fashion.  Phase  II  Involved  the  design  and  development  of  a nlm'  channel 
ablation  sensor  for  use  on  reentr>’  vehicles.  This  phase  was  fumled  uiuk'r  contract  PNAOO 1-75-1"- 
0315  and  involved  1)  designing  a nine-channel  Dlgicon  tube,  2)  developing  optical  coupling  Ix'tvveen 
the  Dlgicon  tube  and  scintillators,  and  3)  fabricating  prototype  Multi-Ray  sensors  for  evaluation  in 
the  laboratory  and  under  simulated  reentry  vibration  environments.  The  jvsults  of  Phase  11  proved 
that  the  Multi-Ray  Ablation  Sensor  is  an  efficient  miniature  sensor  assembly  that  is  very  attractive 

for  use  on  high  performance  leentry  vehicles.  Vibration  testing,  however,  showeil  that  the  sensor 

•> 

was  effected  by  anticipated  flight  vibration  levels  (1.  e. , 0.8  g“ 'Hz  at  T5  grmsl.  I’hase  III,  funded 

under  contract  DNA0()l-7t>-C-0M0,  Involved  vibration  hardening  the  sensor  to  vibration  levels  up  to 
•> 

0.8  g“/Hz.  The  lesults  of  the  vibration  tests  show  that  the  sensor  is  essentially  unaffected  by  vlbra- 

2 2 „ 
tlon  up  to  0.4  g /Hz  with  the  entire  sensor  "haril"  mounted.  For  the  sensor  to  pass  the  0.  8 g /Hz 

level,  the  sensor  must  use  a vibration  isolation  system.  With  the  sensor  mounted  on  vibration 

Isolators,  the  sensor  performance  was  unaffected  by  vibration. 

In  the  following  sections,  the  sensor  design  and  test  data  art'  pit'sented.  The  design 
analyses,  hattivvare  fabric.atlon  and  testing  were  conducted  under  contracts  DNA001-75-t'-0315  and 
DNA001-7(>-C-0140.  Ihrther  sensor  development  tasks  »md  enviitinmental  tests  are  being  conducted 
under  contracts  DNA001-7t)-C-0310  ami  F04701-76-C’-004 1.  The  results  of  these  tasks  and  tests 
will  be  reported  at  the  completion  of  the  respective  contracts. 
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2.0  SENSOR  DESCRIPTION 

The  Multi-Ray  Ablation  Sensor  concept  is  illustrated  in  Figure  1.  The  sensor 
components  arc  identified  in  the  figure  and  include:  1)  Csl  scintillators,  2)  fiber  optic  couplers, 
3)  nine-channel  Digicon  tube*,  4)  high  voltage  power  supply  and  filter,  5)  preampliflers, 

6)  amplifiers/discriminators,  and  7)  gas  sealed  structural  container.  A photograph  showing 
the  Digicon  tube,  fiber  optics,  scintillators,  high  voltage  power  supply,  and  hybridized  ampli- 
fiers are  shown  in  Figure  2.  The  gamma  rays  incident  on  the  scintillators  generate  light  (at 
~0.4  microns)  that  travels  along  the  optical  fibers  to  the  nine-channel  Digicon  tube.  The  Digi- 
con tube  converts  the  light  into  electrical  pulses.  The  electrical  pulses  from  the  tube  are 
input  into  low-noise,  charge-sensitive  preamplifiers  and  amplifier /discriminators  to  generate 
signals  compatible  with  counters  external  to  the  hermetically  sealed  structure.  The  Digicon 
tube  requires  a -15  kV  power  supply  and  a high  voltage  filter  to  reduce  ripple.  To  eliminate 
problems  associated  with  high  voltage,  the  high  voltage  su|>ply/filter  and  Digicon  tube  are  gas 
sealed. 

- 15KV  POWER 
SUPPLY- 

RESISTOR 


HERMETICALLY 
SEALED  UMIT 

• SIZE~4  1/2"  X 5"  X 3"H 

• WT~3JL3S 

• POWER  ~2  WATTS®  28V 

NOSETIP 
COLLIMATOR 


DIODE  ARRAY 
(9  DIODES) 

DIGICON 
TUBE  BODY 


ELECTROSTATIC 

FOCUSING 

ELEMENTS 


FACE  PLATE 


SCINTILLATORS 
I 9 PLACES) 


OPTICAL 

CONNECTOR 


Figure  1.  Nine-Channel  Multi-Ray  Sensor  Schematic 


A class  of  digital  photon-counting  tubes  manufactured  by  Electronic  Vision,  Co. , a Division 
of  Science  Applications,  Inc. , La  Jolla,  California. 
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Fit?ure  2.  Nine~C'hannol  Sensor  Components, 

The  fiber  optics,  connecting  the  scintillators  to  the  [Mgicon  tube,  .illow  the  sensor 
electronics  (contained  in  the  gas-sealed  structure)  to  be  p,ackagcd  at  essentially  any  Uxation 
within  the  vehicle.  This  offers  the  potential  for  1)  small  detector  subelements  in  the  volume 
limited  nose  region,  and  2)  pt^sltloning  the  electronics  in  areas  of  the  vehicle  with  relatively  low 
vibration  input  and  'or  greater  volume  cap.ability. 

The  sensor  assembly  is  compact,  relative  to  space-hardened  photomultiplier  tubes, 
and  is  cap.able  of  processing  more  than  nine-gamma  ray  scintillators.  Presently  the  sensor 
with  one  IMglcon  tube  is  configured  for  nine  rays.  The  sensor  comfxmcnts  are  fabricated  to 
meet  MlL-M-38510  level  B high-reliability  requirements.  Sensor  assemblies  using  two  Digicon 
tulles  can  offer  18  measurement  rays  with  only  an  approximate  20  percent  increase  in  volume 
and  weight.  This  also  offers  the  option  of  increasini  reliability  by  using  two  tubes  with 
bifurcated  fiber  optics  from  the  scintillators  to  provide  redundant  readings  of  critical  nosetip 
measurement  ravs. 
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Two  nine-channel  sensors,  one  with  a discrete  preamplifier  and  vme  with  a hvbridized 


o 


preamplifier,  have  undergone  functional  vibration  tests  at  0.1,  0,2  and  0.4  g Hz.  lor  the 
sensor  with  a discrete  preamplifier,  no  difference  in  static  and  dynamic  count  rates  was  found. 

i 

1 

For  the  sensor  with  a hybridized  preamplifier,  the  static  and  dvTiamic  count  rate  differed  bv  less 
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than  fiKir  txTot'nt,  \\  tth  tlx>  aonsor  vibration-  tsolatoil,  no  chanjto  iK'currod  in  tlx-  fount  rato  at 

•> 

a vibration  lovol  of  0.  S llr.  A four-chauiH>l  sonsor,  non-oporatin>;.  Inns  survivt'd  niiio  ininutos 
•> 

of  0.4  n"  Hr  vibratiiMi  witlumt  anv  ohantto  in  ix*rforinantv. 


Tho  niiu'-chanix'l  Uljfieon  tulx'  is  illusti’atod  svlu'tnatioallv  in  l'is;uro  3.  U'hon  li)tht 
from  a srlntillator  impliifU's  i>n  Hu-  phi>tocath>xii‘,  photix'it'ctrons  aro  omittod  and  aro  aocfloratoii 
up  to  onornU's  of  la  kV.  Tht-so  onorROtlo  oloctrons  are  fix'usod  onto  Imck-ldasotl  silict'ii  diixios 
op««rab’(i  in  the  KHS  (Kloctron  Hombank'd  Silicon!  mixic.  Focusing  is  accomplished  bv  the  elec- 
trostatic lens  formed  bv  the  electrvxics  slxtwn  in  the  sketch.  The  photixdectrons  are  in\a);ed  one- 
to-one  onto  an  arrav  of  nlix'  silicon  dltKies  (each  1 millimeter  in  liiameteri  with  eacl\  diotk'  view- 
ing a (virficular  area  on  the  ptiotix'athixlt'  of  abiuit  ttie  same  dimensii'ns  as  the  silicon  diotie.  The 
tulx'  (p»in  is  a function  of  the  photix'lectron  voltajte  and  the  photiwK'ctron  enerJ;^  (or  threshold 
volta>;t')  re(piired  to  (X'lX'trate  the  "tk'ad  laver"  on  the  divnie's  surface.  Itiode  threshold  voltuites 
are  tvpicallv  2 to  3 k\’,  and  tulx*  (tains  at  13  k\’  aiv  Ix'tween  3000  ami  4000.  The  char(;e  pulses 
from  the  silicon  divxk's  arc  amplifitxi  bv  a set  of  low  -noise  ebx'trv'nics,  the  most  critical  com- 
ponent of  which  is  an  KKT  charjte-.sensitive  preamplifier.  Pulses  exceeiiind  a preset  thrt'shold 
are  cixinted.  The  threshold  is  normallv  -set  between  the  ehx'tronic  noise  and  the  (xilse  hei(;ht 
ct>rres(x>ndin);  to  a sin(tle  photix'Ux'tron. 
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3.0  SENSOR  DESIGN 


The  sensor  was  designed  to  measure  nosetip  ablation  (and  heatshield  ablation,  if 
required)  along  nine  rays.  The  sensor  was  configured  to  enable  packaging  the  sensor  electronics 
in  essentially  any  location  in  the  vehicle  with  only  the  scintillation  detectors  placed  in  the  volume- 
limited  nosetip  region.  The  sensor  signal-processing  elements  entail  low-noise,  charge- 
sensitive  preamplifiers.  The  signal  conditioning  elements  between  the  preamplifiers  and  vehicle 
telemetry  have  not  been  selected  and  are  tasks  for  a future  program.  The  objectives  of  the 
sensor  design  effort  under  Contracts  DNA  001-75-C-0315  and  DNA  001-76-C-0140  were  to 
design,  fabricate,  and  test  a nine-ray  sensor  assembly  that  would  convert  incident  gamma  rays 
into  corresponding  electrical  pulses.  The  pulses  are  to  be  processed  with  conventional  signal 
conditioning  hardware  that  has  been  used  on  other  sensor  systems. 

The  sensor  design  requirements  and  sensor  electrical,  mechanical,  and  optical 
design  features  are  presented  in  the  following  s‘'bsections. 

3. 1 DESIGN  REQUIREMENTS 

The  sensor  design  requirements  were  to:  1)  configure  the  sensor  for  the  Materials 
Screening  Vehicle  (MSV),  and  2)  design  the  sensor  to  operate  in  the  environmental  conditions 
typical  of  the  Advanced  Nosetip  Test  vehicle  (A.N.T.)  and  the  Technical  Development  Vehicle 
(TDV)  flight  test  programs.  In  configuring  the  sensor  for  MSV,  the  design  was  to  have  minimal 
impact  on  the  existing  vehicle  hardware  with  the  design  objective  being  a redesign  of  only  the 
vehicle  telemetry  interface  components. 

The  environmental  conditions  for  which  the  sensor  was  to  be  designed  have  changed 

considerably  during  the  program.  The  environmental  conditions  that  were  to  be  used  in  the 

design  are  presented  in  Table  1.  The  various  vibration  test  conditions  that  were  imposed  on  the 

sensor  throughout  the  sensor  development  program  are  presented  in  Figure  4.  In  contract 

2 

DNA  001-75-C-0315,  the  0. 4 g /Hz  vibration  test  with  a 2000  Hz  maximum  frequency  was  the 

baseline  level.  The  goal  in  subsequent  sensor  development  efforts,  contracts  DNA  001-76-C- 

2 

0140  and  F04701-76-C-0041,  was  the  0. 8 g /Hz  vibration  level  of  Figure  4. 

3.2  ELECTRICAL  DESIGN 

An  electronics  block  diagram  for  the  Multi-Ray  Ablation  Sensor  is  shown  in  Figure  5. 
Photoelectrons  emitted  from  the  Dlglcon's  photocathode  are  accelerated  by  the  electrical  field 
(-15  kV)  between  the  photocathode  and  photodiodes.  The  photodiodes  are  placed  on  a header 
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Table  1.  Sensor  Environmental  Design  Requirements. 


Temperature  Cycle  (Nonoperating).  -35°F  for  8 hours,  increasing  to  llO*’?  within 
5 minutes  and  maintain  for  8 hours.  Repeat  3 cycles. 

Humidity  (Nonoperating).  MIL-STD  810B,  Method  507  except  maximum  temperature 
= 110°F  and  3 cycles. 

Vibration  (Operating).  See  Figure  4 for  spectra,  40  seconds  each  axis. 

Shock  (Operating). 


Frequency,  HZ 

Response,  G's 

20 

35 

33 

60 

58 

100 

76 

260 

90 

260 

220 

170 

400 

700 

5,800 

2,900 

10,000 

2,900 

Two  Shocks  Each  Axis 

Linear  Acceleration  (Operating). 


Forward  Longitudinal: 

21  g 

2 Minutes 

Reverse  Longitudinal: 

190  g 

I Minute 

Other  Two  Axes: 

190  g 

Roth  ways,  1 Minute 

Acoustic  Noise  (Operating). 

M1L-STD-810B,  Category  D. 

Temperature/Altitudc  (Operating).  Stabilize  at  ilO°F  then  reduce  pressure  to 


0. 17  mm  Hg  (or  less)  and  hold  for  30  minutes. 


U NOV  76,  rov  QUAl 
(45  GUMS) 


13  AUY  76,  TDV  QUAL 
(31.8  CRMS) 


28  JAN  75.  ANT  QUAl 
(25.2  CRMS)  I 


28  JAN  76,  ANT  ACCEPTANCE 
(12.6  CRMS) I 
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opt'ratinK  at  ground  pi>tt<ntlal.  Thr  photiKllodo  array  on  tho  lu-ador  Is  shown  In  I'lKuro  tl,  Tho 
diodos  aro  1 nim  In  dIanioUsr  and  placod  on  a silicon  chip  with  a sllicon-Kold  cuU-ctlc  solder. 

The  oU'ctrlcal  field  Ix'twoen  the  pinrtocathode  and  header  is  shaped  bv  the  two  electriKh-s  slum  n ^ 

In  Figure  3.  The  shaping  results  In  a focusing  of  the  photoelectrons  emitted  from  a ajH-elfle 
bx'atlon  on  the  photocatluKle  to  a specific  Uxatlon  i>n  the  header.  A photograph  of  the  header 
showing  the  fcx-uslng  cone,  tube  body  and  dUxle  array  Is  presented  In  Figure  7.  An  array  of 

light  guides  (or  flber-i'ptlcs|  Is  positioned  relative  to  the  photiwathode  so  that  the  (ilHitoeleetrons  ' 

generated  by  a particular  light  guide  Impinge  on  a specific  photodlmle. 

Preliminary  deslgris  for  the  fcx'using  electnxies  are  gt'nerated  by  performing  eleetrl-  ] 

cal  field  analyses  on  the  tube  components.  The  eh>ctriKle  designs  are  then  evaluated  and  refined  | 

by  pt'rformlng  expi>rlmental  measurements  in  the  "demountable"  vacuum  tube  assembly  at  ! 

Klt>ctronlc  Vision  Company  (a  division  of  Science  Applications,  Ine. ).  The  demountable  assembly 
provides  a vacuum  envelop.'  external  to  the  tube  laxly  and  allows  a demountable  tube  t.>  be 

j 

installed  and  tested.  IX'slgiv  variations  of  tube  components  can  be  easily  evaluat.-d  in  the  assem-  i 

bly  without  affecting  other  tulx'  components,  j 

IK'tectlon  of  the  phot.x'lectrons  from  the  photix-athixle  an-  carried  out  in  nin»>  identical  I 

parallel  signal  channels.  A schematic  of  one  channel  has  Ix-en  presented  In  Figure  5.  Photoelee-  ' 

trons  Impinging  on  photodiodes  cause  a charge  pulse  of  approximately  5 x lo  '*'  coulombs  per 
photoelectron.  The  photcHlIixles  are  PlNO-10  silicon  diodes  (actjulred  from  I'DT)  with  a capaci- 
tance of  approximately  25  picofarads.  The  dbxles  are  reversed  biased  at  approximately  C volts 
to  maxlnvlze  signal  to  noise  separation.  Thi>  inlluence  of  diode  bias  on  signal  to  noise  is  presen- 
ted In  Section  -1.  0. 

The  diode  pulse  is  converted  to  a voltage  of  about  one  millivolt  with  a rise  tin\e  of 
approximately  0. 1/jsec  and  a decay  time  constant  of  approximately  30  /.st'c.  This  conversion  is 
aceompllshixl  with  a low-noise  charge-sensitive  preamplifier  with  a charge  sensitivity  of  two 
volts  'pb'ix'oulomb.  Two  preamplifiers  are  considered  as  potential  candidates  for  use  with  the 
Oigicon  sensor.  l)ne  preamplifier  Is  fabricated  by  s.‘M  from  <liscrete  eompom'nts  and  has  suc- 
cessfully pass.Hl  electrical  and  vibration  U'sts  (see  .Section  i.  01.  The  other  preampliner  Is  a 
six-channel  hybridized  unit  manufactured  by  Martin  Marietta  t’orporation  (MMt'l.  The  pre- 
amplifier Is  electrically  convixttlble  with  the  Dlgieon  tube  and  Is  eurr.'ntlv  under  Investigation  In 
Contract  F04701-7l>-C-00'll  as  to  Its  susceptibility  to  vibration. 
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The  preanipUfler’s  output  si^^niil  is  iimpllflod  and  flltorod  to  roduco  tho  si(pial 
bandwidth.  The  signal  is  then  compared  to  a discrimination  level  set  above  the  noise  hut  con- 
siderably below  the  single  photoelectron  peak.  Signals  which  exceed  the  discrimination  level 
initiaU'  5 volt  pulses  which  increment  a eounter.  A candidate  amplifier /filter /discriminator  is 
manufactured  by  MMC.  The  unit  Is  hybridized  and  Is  designed  to  Interface  with  the  hybrid  pre- 
amplifier tliat  Is  currently  being  evaluated.  The  preamplifiers  and  amplifiers  meet  the  require- 
ments of  MII.-M-38510A  and  the  units  are  Inspected  and  tested  to  MIl,-STI)-883,  level  B.  tkily 
preliminary  performance  tests  have  been  pt'rformed  on  the  unit  under  the  current  program. 
Detailed  electrical  and  environment  tests  on  the  unit  are  planned  under  Contract 
F04701-7ti-C-0041. 

The  -15  kV  power  is  supplied  to  the  Dlgicon  tulx'  by  a Venus  Scientific  oscillator 
(Mixlel  0-(>.  75)  and  multiplier  (Model  M-15N).  A high  voltage  filter  Is  used  to  reduce  the  )x>wer 
supply  ripple  (approximately  one  percent  peak  to  pt>ak)  to  a level  compatible  with  the  tube  (less 
than  0. 1 pi'rcent).  The  filter  is  a 100  megaohm  resistor  Integratad  into  the  sensor  as  shown  in 
Figure  5. 


3.3  MECHANICAL  DESIGN 

Mechanical  design  analyses  have  been  performed  on  the  sensor  assembly.  The  com- 
pi>nent8  that  were  examined  In  detail  Include  the  scintillators,  fiber  optics,  Dlgicon  tube,  pre- 
amplifiers and  high  voltage  power  supply.  The  environmental  conditions  that  had  the  greatest 
Impact  on  the  sensor  design  were:  1)  vibration,  2)  shock,  and  3)  high  altitude.  The  vibration 
and  shiwk  environments  were  Important  in  the  design  of  the  scintillation  crystal  support,  fllx'r 
optics  attachment,  Dlgicon  tube,  and  preamplifier  mechanical  layout.  High  altitude  operation 
requlrixi  that  the  tube  and  high  voltage  power  supply  be  gas  sealed  to  prevent  high  voltage 


breakdown. 


Discussions  of  the  mechanical  design  details  of  the  major  sensor  sub-elements  are 


presented  below. 

3.3.1  Scintillator /Optical  Coupling 

A mechanical  layout  showing  the  optical  coupling  Ixitween  the  scintillator  and  Dlgicon 
tube  Is  presented  in  Figure  8.  The  layout  Identifies  the  materials  of  each  compt>nenl  In  th«'  i>pti- 
cal  coupling  assembly.  The  critical  stress  region  In  the  optical  coupling  la  at  the  ends  of  the 
fiber  optics.  To  provide'  efficient  optical  transmission,  the  fllx'r  optics  must  be  "butt-bonded" 
to  the  tube  and  scintillator  with  optical  cement.  Flexing  of  the  multlstrand  fiber  bundle  can  cause 


high  stresses  on  the  butt  bond  because  of  differential  movement  of  the  individual  fibers.  The 
stresses  induced  by  flexing,  in  addition  to  the  fact  that  butt-bonds  are  Inherently  weak,  makes 
the  fiber  ends  a critical  part  of  the  design.  To  strain  relieve  the  ends,  a technique  was 
developed  that  entailed  epoxying  the  fibers  and  swagglng  a metal  fitting  over  the  fiber  ends.  In 
the  strain  relief  operation,  the  following  steps  were  followed: 

1.  A short  section  of  the  optical  jacket  is  stripped  off  the  fiber  ends  and  the 
individual  fibers  are  coated  with  clear  epoxy  (Hysol  EK-20); 

2.  A metal  fitting  is  Inserted  over  the  fiber  end  and  is  swagged  over  the  cladded 
and  uncladded  fibers; 

3.  At  the  IMglcon  tube  end,  the  fibers  are  attached  to  the  tube  with  Hysol  EK-20 
using  a butt  joint; 

4.  After  all  fibers  have  been  attached  to  the  tube,  the  void  around  the  fibers  is 
filled  with  EA956  up  to  the  edge  of  the  metal  fitting  (see  Figure  8).  After 
curing  of  the  EA956,  the  remaining  void  is  filled  with  Sylgard  185; 

5.  At  the  scintillator  end,  the  fiber  Is  also  coated  with  Hysol  EK-20.  The  fiber 
is  Inserted  into  a lens-spUt  collet  fitting  (supplied  by  Tap  Plastics,  Inc.), 
and  the  split  collet  nut  is  tightened  to  provide  strain  relief; 

fi.  The  lens  fitting  is  bonded  to  a Csl  crystal  with  Hysol  EK-20; 

7.  The  Csl  crystal  and  lens  are  coated  with  TiO^  epoxy  paint; 

8.  The  Csl-lens-fil)er  bundle  is  bonded  into  an  aluminum  tube  with  EA95(i 
(Figure  8). 


Figure  8.  Scintillator  and  Optical  Coupling. 


Thoao  fabrication  att'pa  have  resulted  In  optical  nsstuulilles  that  are  ruined  and  lia\'e  undern'one 
severe  flexing  and  vibration  testing;  without  any  apparent  chan^v  in  ^x'rforiuance.  An  aluininuni 
tulH>  is  placed  over  the  t'sl  crystal  to  provide  structural  support  for  tlu>  I'sl/lens  bond.  The 
aluminum  tulH>  is  bondi'd  into  a collimator  with  either  KA‘J5(i  or  Syl^Jird  ISf),  which  represent 
"hard"  and  '^oft"  bonds,  re8jH>ctively.  both  typi's  of  IhuuIs  have  lu'en  evaluated  under  viliration 
with  no  apparent  difference  in  jH>rformance. 

C’sl  was  seli'cted  as  the  scintillator  material.  Csl  relative  to  Nal  is  less  susceptible 
to  shiK’k  and  luimidltv.  As  described  above,  the  scintillator  is  epi>xied  into  an  aluminum  tulv. 
This  is  a hard  structural  bond  and  provides  structural  reinforcement  for  tl\c  scintillator  to  fiber 
optic  joints.  Kxaminatlon  of  a scintillator  commercially  mounted  to  withstami  sluK'k  and  vil)ra- 
tion  reveaUai  that  the  scintillator  was  'soft'  Inindcd  in  an  aluminum  housing;.  Tlie  'soft'  l>onil,  if 
rtajulred,  can  be  placed  lu'tween  the  aluminum  housiiijj'  and  collimator. 

Two  l>astc  tyjx's  of  fiber  optics  were  evaluated  for  the  scintillator  to  Dlpicon  tube 
lijjht  couplinj;:  plastic  and  j;lass.  The  jjlass  fibers  were  found  to  be  susccfitilile  to  breakane  wt\en 
subjected  to  tlcxinn:  over  small  Ivud  radii.  The  plastic  fib«>rs,  on  tlu'  other  Itand,  were  hnmd  to 
be  extremely  ruRued  with  essentially  the  same  optical  transmissivity  as  tl\e  jjlass  fil>ers.  I’las- 
tlc  fllx'r  fabricated  by  IXil’ont  was  seloctixi  for  use  on  the  sensor  lu'cause  of  hij!;h  transmission 
and  siH>d  rugjjedncss.  The  filx'r,  (.'rofon  KilO,  has  a core  diameter  of  0.  OSS  inch  and  uses  a 

0.  130  inch  outside  diameter  jacket.  The  fiber  diameter  matches  tiie  effective  area  id'  the  IMpleon 
photo<llodes  after  the  diodes  are  magnified  1)V  the  3.  S majpdfler  (stiown  in  I'lunre  31.  Ttie  optical 
transmission  measurements  that  were  used  to  seU'ct  thi-  fiber  are  presented  in  Section  1.  1. 


Ditllfon  Tulx- 


A schematic  of  the  Difricon  tulie  has  In-en  presented  In  I'inure  3.  The  basic  fabrica- 
tion and  desijjyi  details  of  tiie  tube  were  developi'd  bv  Klectronlc  \'ision  t'ompanv.  in  order  to  use 
the  tulx'  as  a multi-ray  nuclear  detector,  the  following  design  changes  were  required  to  a four- 
channel  Klectronic  \'lslon  phototube  design; 

1.  Change  the  glass  face  plate  to  a filx'r  optic  plate  to  maintain  colUmateii  light 
between  the  flexible  filx'r  optics  and  photiK'atluKic; 

2.  Incorporate  a fiber  optic  magnifier  between  the  filn'r  ojitic  bundles  and  face 


3.  Increase  the  dtixle  diameter  (from  0.33  to  1.0  mm)  to  Increase  optical 


transmission  from  the  0.  3 mm  diameter  scintillators; 

4.  Hedesl^tn  the  header  to  tncor;x)rate  an  array  of  nine  1.0  mm  diodes; 

5.  Change  the  tulv  IxKly  from  ^lass  to  ceramic  (A1.,0  ) to  aid  In  shock  hardening. 

M O 


These  desl^jn  changes  did  not  represent  major  tube  modifications.  The  critical  tube 
processing  steps  that  are  required  for  the  general  class  of  Dlglcon  tubes  remain  essentially 
unchangiHl  for  the  multi-ray  detector.  The  stt'ps  required  to  manufacture  a tube  photiwathodi' 
surface  without  destroying  the  silicon  diodes  Involve  forming  the  blalkall  photocathode  on  the 
faceplate  and  transferring  the  unit  to  the  tube  bixly  where  they  are  attached  by  copper  cold  weld- 
ing. These  procedures  are  designed  to  avoid  ")x)lsonlng"  of  the  silicon  dlixles  during  photocathode 
manufacture  and  prevent  photix^athixle  deterioration  which  ix.>curs  at  temperatures  above  ~r)0'V. 


The  fiber  optic  faceplate  provides  a vacuum  envelope  and  prevents  divergence  t)f  the 
light  between  the  fiber  optic  bundles  and  photocatlxxle.  bi  order  to  control  the  intage  size  on  the 
phoU)cathode,  tlte  light  exiting  the  fiber  optics  must  remain  collinuited  thmugh  tlie  vacuum  seal. 
Witli  the  fiber  bundles  coupled  to  glass,  the  light  divergence  half  angle  is  approxinuitely  Using 

a glass  faceplate  for  the  vacuum  seal  w ill  cause  consiilerable  light  divergence  and  an  unacceptjible 
photoiathiuie  image  liiameter  (an  inmge  diameter  of  a()ptx)ximately  0.  15  inch).  The  use  of  a fiber 
optic  faceplate  will  maintain  a collimated  light  st)urce  and  an  image  diameter  that  is  compamble  U' 
the  diixle  tlia meter  of  0.  (V|o  inches. 


The  incorporation  of  a fiber  optic  magnifier  between  the  fllx'r  bundles  and  a faceplate 
is  to  facilitate  Installation  of  the  fllx-r  bundles  onto  the  IHglcon  tube.  The  magnifier  Is  used  to 
magnify  the  dlixle  array  at  the  plane  where  the  fiber  bundles  are  to  Ix'  attachixi.  This  results  In 
Increased  spacing  between  the  fllx-rs  and  allows  volume  for  the  metal  fitting  required  at  the  fiber 
ends. 

The  dhxle  diameter  was  IncreastHl  from  0.33  to  1.0  mm.  This  change  was  Implemen- 
ted In  order  to  minimize  the  reduction  In  optical  transmission  that  Is  intrixluced  by  the  change  In 
diameter  between  the  scintillator  (0.3  mm  diameter)  and  the  diode  image  on  the  photocatlxxle. 

The  reduction  In  optical  transndsslon  Is  a function  of  the  ratio  between  dlixle  Image  area  and 
scintillator  cross-sectional  area.  Increasing  the  diode  dlameU'r  to  1.0  mm  Improves  the  optical 
efficiency  by  a factor  of  ajiproxlmaU'lv  9. 
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A rodositjn  of  an  existint;  four-channel  header  was  required  to  incorporate  an  array  of 
nlnt'-l.O  mm  diodes.  The  rodeslRn  required  laying  out  the  diodes  within  the  electrostatic  focusing 
area  of  the  tube  with  sufficient  spatial  separation  to  essentially  eliminate  electrical  crosstalk.  A 
square  array,  shown  in  Figure  6,  was  selecUni  for  the  nine-channel  tube'  with  2.7  mm  between 
ditxie  centers.  As  will  be  shown  in  Section  4.0,  the  electrical  crosstalk  lietween  adjacent  diodes 
is  less  thiin  0.5  percent  of  the  diode  signal. 

The  tube  body  was  changed  from  glass  to  alumina  to  increase  the  structural  hardness 
of  the  tulx'.  ftclatlve  to  glass,  an  alumina  tubt'  offers  increased  tulx>  body  strength  and  increased 
hardness  at  the  tube  to  metal  joints.  With  alumina,  the  metal  seals  are  brazed  to  the  ends  of  the 
tulx>:  whereas  with  glass,  metal  to  glass  fuzing  is  required  that  inherently  Induces  relatively  high 
residual  stresses  in  the  components. 

3.3.3  I’reampllflers 

A number  of  low-noise,  change-sensitive  preamplifiers  were  Investigated  in  order  to 
identify  candidate  preamplifiers  moat  suitable  for  ampllMng  the  Dlgicon  tube  output  signals. 
Important  criteria  for  selecting  a preamplifier  were  as  follows: 

1.  Adequate  low-noise  performance  which  will  permit  good  separation  of  the 
single  photoeli'ctron  pt'ak  from  the  noise  in  the  IMglcon  tulie  pulse-height 
distribution, 

2.  Minimum  vibration  sensitivity, 

3.  Comp:\ct  size,  since  nine  preamplifiers  are  to  be  p;ickaged  with  each  Dlglcon 
tube. 

For  lalmratory  testing  of  prototype  tubt's,  a commercially  available  discrete  com- 
ponent preamplifier  manufactured  by  Nuclear  Kquipment  Corporation  was  used.  * The  electrical 
performance  of  this  preamplifier  was  excellent,  as  will  be  shown  in  Section  4.  0 by  the  tube  pulse 
height  distribution.  The  NEC  preamplifier,  while  demonstrating  excellent  performance  in  the 
laboratory,  is  unsuitable  for  use  in  the  multi-ray  sensor  iH'cause  of  its  large  size  and  extreme 
mlcrophonic  sensitivity. 
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Table  2 8unuuarlr.es  the  results  of  a preltmtnarv  tnvesttnation  that  was  alnietl  at 
tiienttfvlnj;  an  optlnuiiu  preamplifier  for  use  In  the  sensor.  Threi>  hybrid  deslfpis  (UiK'kwell 
Interniittonal,  Phllco-Kord,  and  General  Kl»>otrlcl  could  be  eliminated  In'cause  of  inadequate  low' 
noise  perfornuinee  with  the  Plslcon  tuls'.  The  two  most  promising  candidates  are  the  Martin  six- 
channel  hybrid  and  the  SAI  discrete  preamplifiers.  The  Martin  hybridized  preamplifier  Is  very 
attraetlv<>  since  It  is  completely  develiH>ed  and  Is  qulU'  compact  (the  six-channel  preamplifier  Is 
contained  in  a "flat  (vick"  about  2.5  cm  x 2,5  cm  x 0.5  cm  thick).  The  S.M  discrete  comjxment 
design  can  Ih'  jxickaged  to  meet  sensor  volunie  constraints;  howexer,  the  amount  of  sjvice  devi'te<l 
to  preanjpllfiers  would  have  to  l>e  significantly  gre:iter  than  for  the  hybrid  design. 

Table  2.  Summary  of  ITeampllfler  IX'velopment  Kffort, 


PREAMP  OESKWATION 

CONSTRUCTION 

ELECTRICAL  TESTS 

VIBRATION 

TESTS 

STATUS  (1/76) 

WRTIN  DENVER 

hybrid 
(6- CHANNEL) 

MAR3IVAL,  POSSIBLE 
IMPROVEMEM  WllH 
SELECTED  lET 

-- 

PET  TO  BE  SELECTED 

VIBRATION  TESTS  RECOMMENOEO 

If  EtfCTRlCAl  PEREORHANCE 
ACCEPIAIUE 

MARTIN  OtNVlR 

NCAA 

hybrid 

(1 -CHANNEL) 

GOOD 

FAILED 

VIBRATION 

MHINIING  AND  POTIING 
INVESTIGATION  RECOMMENDED 

AS  BACliUP  lOR  b-CHV.NEl  UNIT 

SAI 

DISCRITE 

BREADBOARD 

GOOD.  POSSIBLE 
IMPROVEMENT  WITH 
SlLfCTlD  f£T 

SLICRETIY 

MICROPHONIC 

CONS  IDE  RASH  t IMPROVEMINI 
ACHltVEO  EI.RIHIR  HARDENING 
RfC0.‘P:iNi>tD 

NEC 

DISCRETE 

EACEILENT 

VERY 

MICROPHONIC 

UNSOIIABlt  FOR  ELUW 

PERMN-ElMtR 

DISCRETE 

BREADBOARD 

UX1D 

- 

POSSIBLE  BAiRDP  DESIGN 

ROC SWELL 

intlrnational 

HYBRID 

(I-EEIMENT) 

cxct^sive  Noisc 

- 

tlNSDITABtt 

PHitco-roRO 

MYRRID 
(.’-Ell  MEN!) 

nCESSIVT  NOISE 

NOT 

MICROPHONIC 

CANNOl  BE  USED  WITHEYUT 

COW'LEIE  RlE'ESIGN 

GLMRAl  ElEClRtC 

HYBRID 

EU'ESSlVt  NOISE 

-- 

EINSDUABEE 

The  SAI  and  Martin  preamv>ll tiers  take  an  Invnit  )>ulse  of  approximately  5000  electrons 
and  amplify  the  vndse  to  aln'Ut  1 tnilllyolt,  Decause  of  ttu'  r»'lathely  small  Input  pulse,  the  eon 
nection  U-tneen  the  dlixle  and  preamplifier  ran  Imhu-e  eleetrlcal  noise  by  capacitance  pick-up 
during  ylbratlon.  .A  variation  In  caixicltance  between  the  connection  anil  adiaeent  wires  or  a 


({riHind  plant'  caiiaod  bv  load  wlro  movomont  will  IntriHluoo  nolao.  To  mlninil7o  load  wlro 
inovoinont,  U was  iw'oossary  to  ini>unt  tbo  proampllfior  on  tho  baokfaoo  of  tho  I'inloon  tubo  tlunlo 
boador.  Tho  proamps  aro  mountod  on  a otrcuft  bimrd  ami  tho  olronlt  boanl  Is  in  torn  bmuiod  I'uto 
tho  dliKlo  hoador  as  shown  In  l-tuMro  3.  t'oniu'otions  lu-twoon  tho  illodo  and  proampllflor  aro  maiU' 
with  pt>sts  mountoil  In  tho  tubo  hoador.  This  dosltjn  mochanloallv  attaolu's  tho  proampllflor  to  tho 
dtixlo  hoador  and  oonnootlons  aro  mado  with  short,  stiff  v>osts. 

.3,3.4  nish  \’olta>;o  Supply  and  lias  St>al 

Tho  ni({tcon  tubo  oporatos  on  - la  kV.  Tho  ixiwor  Is  supplli'tl  by  a I'onas  .Sotontlfto 
osotllator  (Mmlol  O-ti.  7a>  and  multlpllor  (Mtxlol  M-13NI.  Tho  supply  woluhs  a total  ot  S..)  vmnoos 
and  oan  lio  fviokanod  In  loss  than  tl  in''.  A ht>;h  yoltano  fllti'r  Is  usod  to  roduoo  tiu'  outixit  ripplo  of 
tho  multlpllor.  Tho  flltor  Is  a 100  nu'^aohm  rost.stor  (0.3  Inch  In  dlamotor  x 1.0  Inoh  Kmut. 

To  proyont  hlfjli  \olta>to  broakdown  during  high  altltuilo  oporatloi\,  all  high  \oltago  oiin\- 
pont'nts  aro  p;>okagod  In  a gas  soaltxl  oonbilnor.  Tho  ootnpononts  In  tho  oontalnor  InoUuli'  tho 
I'tgloon  tulH',  proam(illflors,  high  yoltago  o.solllator  multlpllor,  and  a high  \>'ltago  flltor.  TIu'  gas 
soalod  omolopo  also  sorvos  as  tho  struotural  nu>unt  for  tho  tntornal  oon>(v'nonls  and  oonnootors. 

A prollmlnarv  doslgn  of  tho  onvolojx'  for  MSV  Is  prosontod  In  l'lg\iro  0.  Tho  flK'i'  optlo  bundlos 
coupling  tho  solntlllators  and  tulv  pi'notrato  tho  soaUxl  on\'olo(H'  \la  a flbor  optlo  soal.  Tho  fUn'r 
optic  soal  doslgn  Is  prosontod  In  Klguro  10.  Strain  r<'llof  of  tho  flbor  optics  is  roquiroil  Ix'twoon 
tho  tuK'  and  i>(>tlc  soal  to  rolloia'  axial  strain  imlucod  by  vibration.  Strain  I't'liv'f  is  achiow'il  by; 
ll  putting  a bond  In  tho  flbor  iH'fwt'on  tho  tubo  and  optic  seal  (l-3guro  '.M,  ami  ‘.’I  'soft’-mv'unting  tho 
fibers  In  the  optic  soal  with  a silicon  rublvr. 


To  minimize  electromagnetic  ami  or  111'  inter fei'i'iico,  tho  I)igici>n  tulu-  Is  onoatvsulati'ii 
In  an  aluminum  case  with  Mu-motal.  Tho  soalovl  structuro  Is  aluminum  with  Mu-metal  placed  on 


the  inside  surfaces.  The  tube  case  is  bolted  tv*  tht'  sealed  structuro.  Ttu'  high  vv>ltago  supply  and 
flltor  will  cither  be  (x>tti'd  in  place  v>r  v'licapsulated  in  a metal  case  and  bv'ltod  tv*  the  structur*'. 
The  methv*d  of  attaching  high  voltage  comevonents  will  detH'ml  u(H>n  the  available  vv*lume. 
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4.0  SENSOK  PKUFOKMANCE 


► . 


Performance  measurements  have  been  made  on  three  Digicon  tubes  and  with  two  of  the 

tubes  in  flight  prototype  sensor  configurations.  Electrical  and  optical  measurements  performed  on 

the  tubes  show  excellent  reproducibility  of  performance  between  tubes,  good  signal- to- noise 

separation,  and  excellent  focusing  properties.  Electrical  and  nuclear  measurements  performed  on 

the  flight  prototyTpe  assemblies  show  high  gamma-ray  detection  efficiency  and  sufficient  electrical 

response  to  measure  the  counting  rates  needed  for  flight  test  (10,000  to  20,000  cps).  Functional 

vibration  tests  have  been  performed  on  all  three  Digicon  tubes.  Vibration  tests  on  the  tubes  at 
2 

0.4  g /llz  produced  no  measurable  change  in  count  rate  with  a discrete  preamplifier  and  less  than 

a four  percent  change  in  count  rate  with  a hybridized  preamplifier.  Vibration  isolation  of  the  tube 
and  hybride  preamplifier  resulted  in  no  measurable  change  in  count  rate  at  0.  8 g /Hz  vibration 
levels. 

The  optical,  electrical,  and  nuclear  performance  measurements  are  summarized  in  the 
following  paragraphs.  The  performance  measurements  and  vibration  test  data  that  were  generated 
under  Contracts  DNA001-75-C-0315  and  DNA001-7(;-C-0140  are  presented  in  detail.  Efforts  are 
currently  in  progress  under  Contracts  DNA001-7C-C-0310  and  F04701-76-C-0041  to  improve  the 
sensor’s  performance  under  vibration.  These  efforts  will  be  reported  at  a later  date  under  the 
respective  contracts. 

4.1  OP'nCAL  PEKP'OKMANCE 

Optical  transmission  measurements  were  made  to  support  the  design  and  selection  of 

the  optical  system  that  couples  the  scintillators  to  the  Digicon  tube.  A schematic  of  the  optical 

system  has  been  presented  in  Figure  8.  The  tranrmission  measui  ements  were  made  with  an  SAI 

137 

Photometer,  a Csl  scintillator,  and  a Cs  radioactive  source  in  the  configurations  presented  in 
Figure  11.  The  scintillator  was  painted  with  TiO^  reflective  paint  on  all  surfaces  except  for  the 
face  where  the  optical  coupling  is  attached.  The  baseline  case  to  which  all  ti-ansmission  measure- 
ments are  referenced  is  noted  in  the  figure  and  corresponds  to  the  situation  wherein  the  scintillator 
is  bonded  directly  to  an  equal  diameter  photocathode. 

In  the  transmission  measurements,  two  components  in  the  optical  system  were  studied 
in  detail;  the  scintillator  to  fiber  optic  attachment  and  the  fiber  optic  cable.  The  attachment 
studies  are  summarized  in  Figure  11.  A simple  'butt'  joint  was  found  to  be  superior  to  a spherical 
lens.  The  spherical  lens  data  presented  in  the  figure  were  for  the  optimum  spacing  between  the 
scintillator  and  lens.  The  butt  joint  measurements  indicate  that,  relative  to  the  baseline  case,  the 
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Figure  H.  Transmiaslon  Measurements  For 
Fiber  t)ptic  Liglit  Ciuide. 


transmission  efficiency  is  0.  5 percent.  This  compares  within  a factor  of  two  of  tlie  1.0  percent 
efficiency  computed  using  vendor  supplied  data  and  scaling  the  loss  in  transmission  at  the  scintil- 
lator attachment  by  the  reduction  in  area  ratio.  The  optical  fiber  is  0.088  inches  in  diameter  and 
approximately  80  percent  of  the  area  Is  light  guide.  The  reported  vendor  tranamlssivlty  for  the 
light  guide  at  0,4  microns  (light  output  of  Csl  is  around  0,39  to  0.42  micron)  is  0.20  with  an  esti- 
mated 0. 80  reduction  in  transmission  at  each  end.  With  these  data  and  a 0. 25-inch  diameter 
scintillator,  the  expected  efficiency  is  1.0  percent.  The  difference  between  the  measured  and  com- 
puted efficiency  could  be  attributed  to  scintillator  end  losses  because  the  aft  end  of  the  scintillator 
was  not  painted  with  reflective  paint.  This  could  cause  some  light  to  be  lost  througii  the  annulus 
between  the  fiber  diameter  and  scintillator  diameter. 

The  fiber  optic  transmission  measurements  were  made  using  the  'butt'  joint  coi\figura- 
tion  of  Hgure  11.  The  results  of  the  investigation  of  the  fiber  optic  cables  and  the  transmission 
measurements  are  summari/.ed  in  'I'able  3. 
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'I'able  3.  Fiber  Optic  Cable  'IVansmission  Measurements. 


CABLK  TYPK 

BUNDLK 

DIAMETKB 

(Inches) 

LENCTII 

(Inches) 

HKIATIVK 

TltANSMlSSlVlTY 

1010  Crofon,  Pastic 

0.088 

24 

1.0 

1050  Crofon,  Plastic 

0.  050 

24 

0.05 

PFX  LXipont,  Plastic 

0.040 

24 

0. 10 

5012  Corning,  Class 

0.078 

24 

0.  55 

Of  the  fibers  tested,  the  1010  Crofon  l»ad  the  highest  transmission.  Tliis  fiber  lias 
04-0.  010-lnch  diameter  individual  fibers.  The  1050  Crofon  has  a single  fiber  with  a transmis- 
sivity that  is  05  percent  of  the  1010  Crofon.  The  5012  glass  fiber  offers  good  meclianical  flexi- 
bility, but  has  low  optic  transmission.  The  vendor  reported  transmission  versus  fiber  length  is 
presented  in  Figure  12. 
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Figure  12.  Transmissivity  of  Candidate  Fiber  (iptics. 
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The  optiral  oouplintj  aUitlles  show  lluit  a slKiilficant  amount  of  the  liuhl  is  lost  in  tlio 
locluotlon  from  the  scintillator  to  fiber  optics.  The  studies  of  Keforoncc  2 sluiw  that  a conical 
reducer  offers  no  slfpdflcant  advantage  over  a fiber  to  scintillator  butt  joint.  In  Ueforence  2 an 
investigation  was  made  to  identify  tlie  optimum  optical  reducer  for  scintillators,  llie  optimum 
reilucer  was  concludetl  to  be  a parabolic  configuration  and  offers,  relative  to  a i-onlcal  reducer, 
loss  than  a factor  of  two  improvement  in  transmission.  Tor  an  overall  optical  system  efficiency 
of  0.5  percent,  a factor  of  two  improvement  is  relatively  insignificant,  because  of  the  relatively 
small  Improvement,  the  parabolic  configuration  was  not  Invostigiited  furtlior, 

•1.2  Kl.Kt'TKlt'AL  PKHl-'OHMANt'K 

Klectrlcal  performance  teats  have  been  performwl  on  tlireo  proti>type  sensor  assem- 
blies. The  teats  have  entailed  the  following  measurements; 

1.  Pulse  height  distributions  of  Diglcon  tube/proamplifier  output  to  identify 
signal  to  noise  separation, 

2.  C'athixle  surface  sciuis  to  identify  tube  focusing  characteristics  and  tufie- 
related  (electrical)  crosstalk,  and 

;i.  Counting  rales  to  measure  nuclear  detection  efficiency. 

The  pulse  height  distributions  from  the  four-channel  lube  are  presented  in  Pigures  i;t 

and  1-f.  The  distriluitioits  are  plots  of  the  photon  counts  moiisureti  at  specific  plx>ton  energy 

deposition  levels  (keV).  Hgure  15  identifies  the  electric  noise,  sigtuil  and  the  optimum  reg1ot> 

for  discriminator  sotting.  The  distributions  wore  moasure<l  using  the  sensor  assembly  of 

hi) 

Figure  2,  a Nuclear  Fquipment  Corporation  Model  tlthl  preamplifier  and  a Ct>  source  li>  irradiate 
the  Csl  scintillator.  The  low-noise  performance  of  tlie  tube  is  illustrated  by  the  excellent  separa- 
tion between  the  peak  corresponding  to  the  detection  of  a sii\gle  pliotoeleclron  ami  the  luf>e  noise 
(sluirp  Inci-ease  at  pulse  heigias  below  the  ty))ical  discrlmlnaloi’  setting  noted  in  Figure  15).  In 
Figure  l-f,  with  tlie  t«paiKle<l  pulse  height  scale,  the  events  corresponding  to  multiple  pholimlec- 
trons  are  clearly  dlscernable.  The  high  peak-to-valley  ratio  allows  excellent  gain  staf>lllty  even 
In  the  single  plwtoelei'tron  counting  nuHle.  With  the  dlscrimimitor  setting  sliown  in  Figure  15,  the 
measured  laamting  rate  due  to  noise  was  measured  to  bo  less  than  10  counts  ''sec. 

The  fiHii’ -channel  lube  perfornmnce,  as  ovldonced  by  the  quality  of  the  pulse  lieight 
distribution,  was  Investigated  ns  a function  of  tube  high  voltage  and  ampliner  shaping  lime  con- 
stant. The  effect  of  vai’ylng  the  tulm  voltage  la  illustrated  in  Figui  e 15.  As  tlie  voltage  is 
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docreastHl  below  IT)  kV,  llie  single  pholoeloetron  po:ik-lo-valloy  ratio  lieereases  and  it  at^Tcars 
that  ~i;»  kV  is  a practical  lower  limit  beyond  whicli  cinint  rate  stability  in  tlie  single  photoeloctron 
counting  miHle  would  suffer.  The  effect  of  var\1nK  the  amplifier  slmpinjj  time  constant  is  shown  in 
FiKure  It;.  At  time  constants  shorter  than  ~ 1.  O/t  sec,  the  ijuality  of  the  pulse  l\ei>dU  distribution 
deteriorates.  The  ittuiU  rate  capiibillty  of  the  ablation  sensor,  usinn  a time  i-onstant  of  several 
microseconds,  should  be  adequate  for  counting  rates  up  to  ^ fiO,  OtM)  cps,  which  oxceetls  anticiptUed 
requirements,  t'ount-loss  <-orrections  due  to  chance-coincidence  pulse  pileup  can  bo  made  with 
^pMxl  accuracy.  I'he  effect  of  varyinK  the  diinle  bias  utIUikc  is  shown  in  Figure  17.  Bias  voltaRes 
between  2 and  S volts  results  in  noixl  signal  to  noise  separation. 

I’ulse  height  distributions  from  two  nine-channel  tube  assemblies  are  presented  in 
Flgtire  la.  I’he  distributions  for  tube  S/N  :ir)2  were  measured  using  a discrete  pi  ejtmplifler 
(f.abricaterl  by  SAll  aixl  a light  emitting  diixle.  The  light  emitting  diixle  was  used  to  simulate  the 
light  jHilses  generatixl  by  a I’sl  scintillator.  Actual  scintillators  radioactive  sources  could  not  be 
usctI  liecause  vibration  lest  schetlulos  for  the  assembly  did  not  allow  lime  to  attach  scintillators 
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aiul  fiber  optlea.  The  distributions  for  tulto  S'N  351  were  inensurvHf  usinn  a hybridi/,e»l 

liO 

preamplifier  (fabrieatod  by  Martin  Marietta-llonver)  and  C'sl  seintlllators  with  a I’O  smiree. 

A measurement  of  the  eloetrieal  or  tul>e-rolatiHi  erosstalk  was  obtained  by  seanninj; 
wltti  a 2.2-1  mm  diameter  optical  fiber,  across  ihe  pholocaUiCKk'  over  the  sensitive  ari'a  of  a slnRle 
diode.  The  response  of  the  tube  as  the  illuminated  o|>tical  fiber  is  moved  across  the  filler  optii' 
magnifier  is  sh«>wn  in  Figure  !!•.  llie  magnifier  enlarges  the  ditKie  image  plane  l)y  alnuit  a factor 
of  2.  S.  Note  that  the  resp*»nso  drops  off  sharply  as  the  liglU  source  is  moved  off  of  tin*  phoU>- 
cathixlc  area  being  imaged  onto  the  diinie.  Typical  diixie  sixiclngs  for  the  nine-channel  tul>e  are  on 
the  order  of  2.7  mm  (or  7.»>  mm  on  the  enlarged  scale  of  Figure  lit).  I'sing  the  data  of  Figure  l!>, 
the  electrical  crosstalk  for  the  nlne-cltannel  tulm  is  calculated  to  have  an  upper  limit  which  ranges 
from  0.  S percent  to  1.  S percent  depending  on  diixie  Kx-alion.  The  measureii  ekx’trical  crosstalk 
for  the  fiHtr-cltannel  tube  is  loss  limn  0.  .I  percent. 

Figure  20  presents  the  measured  detection  efficieix'ies  of  the  four-channel  tube  with 
0.2.5  Inch  X 0.  .5  Inch  and  0.25  inch  x l.fiO  inch  I'sl  scintillators.  In  both  cases  tlio  scintillators 
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that  the  measured  counting;  efficiency  at  1.25  MeV  is  very  close  to  the  theoretical  detection 
efficiency  of  the  0.5  inch  long  scintillator  (~25  percent).  l>en  though  there  is  a considerable  loss 
of  light  in  the  optical  coupling  from  scintillator  to  tube,  the  high  sensitivity  of  the  tube  preserves 
the  overall  counting  efficiency  of  the  system.  The  fraction  of  the  theoretical  detection  efficiency 
achieved  by  the  sensor  decreases  with  gamma-ray  energy.  It  is  expected  to  decrease  because  the 
number  of  photons  produced  in  the  scintillator  decreases,  thereby  reducing  the  probability  that 
enough  photons  will  reach  the  tube  to  produce  at  least  one  photoelecti’on. 

4.3  VTBRA  nON  TKSTS 

Vibration  tests  were  performed  on  three  separate  tube  assemblies;  one  four -channel 

tube  and  two  nine-channel  tubes.  The  vibration  spectra  that  were  used  in  the  tube  assembly  tests 

2 

have  been  presented  in  Figure  4.  The  lower  spectrum  (0. 1 g /Hz)  is  the  A.  N.  T.  acceptance  test 

2 

level.  The  upper  spectrum  (0.4  g /Hz)  is  with  the  exception  of  the  2000  Hz  cut-off  level,  a T.  1).  V. 
qualification  test  level  for  shelf  mounted  hardware.  Although  the  actual  T.  D.  V.  cut-off  frequency 
is  4000  Hz,  the  vibration  tests  were  limited  to  2000  Hz  because  of  vibration  table  limitations. 

The  hardware  tested  in  each  of  the  three  series  of  vibration  tests  are  summarized  in 
Table  4,  The  test  procedures  and  electrical  support  equipment  are  presented  in  Reference  4. 
Basically,  all  tube  and  scintillator  related  hardware  were  subjected  to  the  vibration  environments 
and  all  signal  and  power  conditioning  electronics  were  mounted  off  the  vibration  table.  An  electri- 
cal schematic  of  the  sensor  vibration  test  hardware  is  presented  in  Figure  21.  The  hardware  sub- 
jected to  vibration  are  noted  in  the  figure.  Pretest,  test  and  post-test  counting  rates  and  pulse 
height  measurements  were  made  on  each  tube  assembly. 

The  four-channel  tube  assembly  was  subjected  to  two  series  of  vibration  tests.  The 
objective  of  the  first  series  \\’as  to  verify  the  structural  design  of  the  tidbe,  fiber  optics  and 
scintillators.  The  tests  were  conducted  with  the  tube  non-operating  because  a preatnplifier  was  not 
available  to  support  a functional  vibration  test.  Mounting  a laboratory  preamplifier  off  the  vibra- 
tion table  and  coiniucting  a functional  vibration  test  could  not  be  accomplished  because  of  the  low 

diode  output  signal  and  its  susceptibility  to  capacitance  pick-up.  The  sensor  was  subjected  to  nine 
2 

minutes  of  0.4  g /Hz  vibration  (three  minutes  each  axis)  with  no  change  in  pre-  and  ptist-test  per- 
formance. Also,  none  of  the  scintillators,  one  mounted  with  structural  epoxy  (KA  950)  and  the 
other  soft-mounted  (Stylgard  1S5)  experienced  any  measurable  performance  change. 

The  second  series  of  vibration  tests  on  the  four-channel  tube  was  conducted  with  a 
Martin  NOAA  hybrid  preamplifier.  The  preamplifier  was  borrowed  from  Martin  to  support  the 
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Table  4.  Sensor  Hardware  Subjected  to 
Random  Vibration  l^ests. 


DIOICDN 

TURK 

HARDWARE  VIHRA'ITON  TESTED 

MAXIMI'M  VIBRATION 
LEVEE 

4 -channel 

• 

• 

• 

• 

• 

• 

Diglcon  Tube 

Fiber  Optics 

Scintillators 

Optical  Seal 

Hybrid  Preamp  (1 -channel) 

High  Voltage  Filter 

2 

0.4  g /llz 

9-channel 
(S/N  35:’,) 

• 

• 

• 

Digico’i  Tube 

Discrete  Preamp  (2-channel) 

High  Voltage  Filter 

0.4  g^/Hz 

9-channel 
(S/N  351) 

• 

• 

• 

• 

• 

Digicon  Tube 

Fiber  Coptics 

Scintillators 

Hybrid  Preamp  (ti-channel) 

High  Voltage  Filter 

O.S  g^/Hz 

-15  KV 
VENUS 
POWER 
SUPPLY 


I I I 28  V INPUT 

' GROUND 

3 PIN  CONNECTOR 


-3  TO  -8V 
DIODE  BIAS 
+ INPUT 
GROUND 


TENNELEC 
TC  203 
BLR 

AMPLIFIER 


TMC  545 
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SCOPE 


SINGLE 
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PULSE  HEIGHT  ANALYZER~ 
NS -636 


Figure  21.  Typical  Sensor  Vibration  Test 
Klectrical  Schematic. 
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lest  because  the  Martin  six-channel  hyt>rici  preamplifier  (to  be  used  with  the  l)i(pcon  tube)  was  in 
development.  Since  the  preamplifier  was  borroweti,  a temporary  mount  was  constructed  in  which 
the  preamplifier  was  spriitt;- loaded  and  approximately  one-inch  leads  were  required  to  connect 
the  tube  diodes  ami  preamplifier.  I'hls  type  of  mounUiiK  proved  to  be  totally  inadequate.  At 

O 

vibration  levels  of  0.1  k”  '11z,  the  tube  preamplifier  assembly  exhibited  excessively  tiigh 
vibration-imluced  noise.  In  order  to  establish  the  noise  as  being  tube  or  preamplifler-related,  all 
pt>wer  leads  to  the  tube  were  ilisconnected  and  tl»e  preamplifier  output  was  monitored.  The  pre- 
amplifier output  again  experienced  excessively  high  noise  during  vibraUoii.  All  leatls  between  the 
tube  and  preamplifier  were  then  disconnected  and  the  vibration  test  repeated.  The  preamplifier 
output  had  excessive  noise  resemlillng  the  behavior  of  the  previous  two  tests.  It  was  therefore 
concluded  that  the  preamplifier  or  U)e  method  of  pi  eamplifier  mounUng  caused  the  vibration- 
induced  noise. 


Because  of  the  inability  to  lest  the  four-channel  tube  under  vibration,  a vibration  test 
with  a nine-channel  tube  and  a permanently  mounted  preamplifier  was  plamied.  Because  a Martin 
Marietta  hybridi/.etl  preamplifier  could  not  be  obtained  to  support  the  test,  SAl  designed  and  built 
a two-channel  discrete  preamplifier.  The  preamplifier  components  were  mounted  on  a circuit 
board  and  the  board  was  in  turn  epoxied  directly  to  the  tube  header.  This  design  resulted  in  verj’ 
short  and  stiff  couplings  between  the  diode  and  preamplifier.  The  entire  assembly,  consisting  of 
the  tube  (S/N  352)  and  preamplifier,  was  potted  in  an  aluminum  housing  with  .Sylgard  1S5.  The 
filler  optics  and  scintillators  were  not  attached  to  the  tube  because  of  insufficient  time.  I'he  light 
pulses  from  the  scintillators  were  simulated  using  a LKD.  The  S/N  352  tube  had  a flaw  in  the 
fi.Kjr  optic  faceplate  that  apparently  developed  after  the  glass-to-metal  seal  was  made  during  tube 
pr<K‘essing.  The  flaw  was  in  the  form  of  a discoloration  in  the  faceplate. 


The  S/N  352  tube  discrete  preamplifier  and  high  voltage  filter  were  tested  at  vibration 

2 2 
levels  of  0, 1 and  0,4  g /Hz,  The  pretest,  test  and  post-test  counting  rates  at  0.4  g 'Hz  are  pre- 


sented in  Talile  5.  As  can  be  noted,  no  apparent  change  in  count  rate  cK-curred  during  vibriUion. 
The  pretest,  test  and  post-test  counting  rates  are  all  within  the  iCTilata  scatter  of  the  counting 
statistics.  The  pulse  height  distributions  do  show  a slight  shift  of  the  sigial  and  noise.  However, 
with  the  discriminator  set  in  the  valley  between  the  signal  and  electrical  noise,  the  vibration- 
induced  signal  shifts  were  not  enough  to  influence  the  counting  rate.  The  assembly  was  tested  at 
0. 4 g /Hz  in  one  axis.  Tests  in  the  other  axes  could  not  be  performed  because  after  the  first  luxis 
of  testing,  the  flaw  originally  in  the  faceplate  developed  into  a crack  and  caused  a loss  of  vacuum. 
Post-test  evaluation  revealed  that  the  flaw  was  originally  a small  fracture  plane  external  to  the 
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vacuum  envelope,  and  vibration  testing;  apparently  caused  the  fracture  to  jjrow  and  penetrate  the 
seal. 

Although  the  S/N  :152  tube  did  lose  vacuum  between  vibration  tests,  the  results  show 
that  the  mechanical  and  electrical  tube  design  are  stable  at  vibration  levels  up  to  0.4  g^^llz.  To 
prevent  further  fracturing  of  the  faceplate,  a faceplate  inspection  task  was  incorporated  into  the 
tube  manufacturing  plan.  Tubes  with  discolorations  similar  to  S/N  352  are  to  be  reprocessed 
with  new  faceplates. 

The  third  IWgicon  lul)e,  S/N  351,  was  assembled  into  a potential  flight  configuration 

2 

and  was  vibration-tested  at  levels  up  to  0.4  g 'Hz.  The  configuration  consisted  of  a nine-clmnnel 
Digicon  tube,  a Martin  hybridizetl  preaniplifier,  fiber  optics  and  scintillah)rs  aixl  a high  voltage 
filter.  All  components  mounted  on  the  vibration  tiible  were  'hard'  mounted  to  the  structure.  No 
vibration  isolation  scheme  was  used  in  the  assembly.  The  high  voltage  supply  was  not  mounted  on 
the  vibration  table.  The  S/N  351  tube  had  eight  operating  diodes  and  one  diode  w'ith  an  open  circuit 
internal  to  the  tube  vacuum  seal. 

The  pretest,  test,  and  pt)st-test  counting  rates  for  tube  S/N  351  iire  presented  in 

2 2 
Table  (>.  At  vibration  levels  below  0.2  g Hz  no  change  in  count  rate  was  apparent.  At  0.4  g ^Hz, 

however,  vibration-induced  noise  was  becoming  apparent,  causing  approximately  a 3.5  {Hsrcent 

2 

change  in  count  rate.  The  pulse  height  distributions  taken  before  and  during  0.4  g /Hz  vibration 
are  shown  in  Figures  22  and  23.  The  distribution  of  Figure  22  is  with  the  tube  operating  and  a 

source.  It  can  be  noted  that  the  noise  level  has  increased  and  shifted  towards  the  discrimina- 
tor setting,  causing  the  indicated  change  in  count  rate.  The  distribution  of  Figure  23  was  taken 
with  no  voltage  on  the  tube  (includes  focusing  voltage  and  diode  bias)  and  with  the  preamplifier 
operating.  Comparing  Figures  22  and  23,  it  can  be  seen  that  the  vibration-induced  changes  in 
noise  level  are  essentially  identical  with  or  without  the  tube  operating.  From  this  it  can  be 


'lable  5.  Digicon  'Dibe  S/N  352  Vibration  Test  Count  Hate. 


TFST 

NO. 

TKST 

l.KVKl. 

(K“'Hz) 

CONDITION, 

AXIS* 

1 

PHKTFST 

(CPS) 

— 

TKST 

(CPS) 

POST- 

TKST 

(Cl'S) 

TKST  TIMK 
(SKCONDS) 

10 

0.4 

No  Source,  Y 

5.  1 2.  5 

10.  0 4,4 

5.  7 3.  5 

40 

11 

0.4 

Source,  Y 

0703  + 05 

0S02  04 

0750  03 

40 

12 

0.4 

.Source,  Y 

0SS2  + SS 

0891  JK  01 

0831  + 80 

40 

* Y-axis  IS  perpendicular  to  tube  axis  and  parallel  to  mounting  plane. 


Table  (>.  IMsK'en  Tube  S/N  351  N'ibration  Test  Count  Itate, 


TF.ST 

NO. 

CONDTTUIN, 

AXIS* 

I’UKTKST 

(Cl’S) 

10 

0.2 

No  Source,  Z 

lOG  15 

11 

0.4 

No  Source,  Z 

103  ^ 15 

11 

0.4 

Source,  Z 

G424  ^ 121 

TKST 

(Cl’S) 


PDST- 

TKSr 

(Cl’S) 


ri;si'  riMK 

(SKCONDS) 


No  Source,  Y 171  + ll> 

Source,  Y ()14t)  2 

Source,  Y G2l>-1  » 1 


171  + Hi  2li5_fl7  22l_;_18 

()14t;^  240  (!l(Hl_vllti  (IMS  _f  IDS 

G2li-1  ^ 13-1  GoGG  ► 13-1  G25G  f 114 


* Y-axis  is  perpendicular  to  tube  axis  and  piU'allel  to  mounlin);  plane,  /-:l\is  is  tube  luxis. 

concluded  that  either  the  preamplifier,  tube  header,  and  or  preamplifier  mountin);  desijtn  are 
causing  the  vibration-induced  noise.  It  may  be  noted  that  early  in  the  vibration  tests  an  increase 
in  count  rate  was  experienced  in  two  operating  vibration  tests.  No  quantiUitive  explaiwtion  for  the 
increase  could  be  found.  In  subsequent  vibration  tests  the  phenomenon  did  not  reoccur. 

Diagnostic  tests  were  performed  on  the  tube  assembly,  anti  it  was  ctmclutied  th;a  tlte 

vibration  sensitivity  is  due  to  the  tube  headei'  preamplifier  assembly.  To  eliminate  the  vibratitm 

sensitivity,  a vibration  hardening  task  was  initiated  under  S.\MSt>  Contract  K04701-7G-C-0t)41, 

wherein  tube  gain  increases  and  tube  vibration  isolation  schemes  were  being  investigated.  Tests 

perfornuxl  on  the  S/N  351  tube  assembly  with  a preliminary  vibration  isolation  design  have  shown 

• > 

no  vibration  sensitivity  at  0.  S g"''llz.  The  pulse  height  distributions  taken  before  and  iluring  the 
vibration  test  ;u’e  shown  in  Figure  24.  Integration  of  the  pulse  height  spectrum  from  tlie  discrimi- 
naU>r  setting  out  past  channel  number  !I0  gives  pretest,  test  and  (xist-test  counts  of  3552G,  35452 
anil  35502,  respectively.  As  can  be  noted,  Uie  static  and  dynamic  integrated  counts  are  all  witliin 
the  1(7  data  scatter  of  th^  ixnmting  statistics.  ITie  pulse  height  distribution  does  not  show  any 
chiuige  during  vibration.  Tests  at  higher  vibration  levels  were  not  [)erformed.  The  vibration 
hardening  task  being  iK'rformeil  under  Contract  F04701-7G-C-0041  w ill  be  repi>rted  at  a later  date. 
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BEFORE  TEST 


Pulse  Height  Distribution  Comparison  Pretest 
and  Durii^  0.  8 g^/Hz  Random  Vibration. 


5.0  SliMMAKY  AND  tXINC'M'SIONS 

A prototype  nuilli-ray  iU)lution  sensor  using  u nino-eluinnel  itigitiU  photon-eounting 
(Digieon)  tube  lias  been  developed.  Testing  in  the  lalKiratory  indieates  that  this  imilti-ray  sensor 
has  high  potential  for  obtaining  detailed  sliapt>  ehunge  information  on  reentry  vehiele  nosetips  dur- 
ing flight  test. 

The  measured  detection  efficiencies  of  the  sensor  (with  0.25  inch  diameter  x 0.  5 iiu-h 
long  t'sl  scintillator)  are  35.5  percent,  20.  1 percent,  and  22  pcM  cenl,  at  0.  12,  0.00  and  1.25  Me\’, 
respectively.  With  a 0.25  incli  ilianieter  x 1.5  inch  long  I'sl  scintillator,  the  efficiency  at  1.25 
MeV  is  50  percent.  Multi-channel  operation  of  the  sensor  has  been  demonstrated  with  four- 
channel  and  nine-channel  prototypes,  rube-relatetl  (electrical)  crosstalk  is  negligible  (1  to  2 [>er- 
cent)  compare<l  to  nuclear  crosstalk  values  expecletl  for  typii-aJ  multi-ray  nosetip  geometries.  The 
background  counting  rates  (~  10  cps)  are  negligible  relative  to  typical  in-flight  counting  rates 

1 s2 

(~  10,000  cps).  The  projei  tcxl  radioactive  source  strength  of  i'a  required  for  a grapliiiic  nose- 

tip  containing  up  U)  nine  rays  is  estimated  to  be  less  than  0.1  curies.  The  sensor  has  sui-cess- 

2 

fully  i>assed  vibration  testing  at  0.  S g“  Hz  with  a vibration  isolation  system  integrated  into  the 

sensor  design.  With  no  vibration  isolation  system  (or  'hard'  moimted)  the  sensor  was  foinui  to 

experience  approximately  a 3 percent  change  in  ciHint  rate  at  vibration  te.st  levels  of  0.  I g“  Hz. 

No  significant  change  in  count  rate  was  noted  with  the  sensor  liard  mounted  at  0.2  g“  Hz.,  it  is 

therefore  concluded  that  for  the  sensor  to  operate  satisfactorily  at  vibration  levels  cxcetHling 
•> 

0.4  g“  llz,  a vibration  isolation  system  will  be  rixpiired. 

The  principal  advantages  of  the  Digicon  Multi-Hay  Ablation  S^msor  that  is  contiiunng 
to  be  developed  under  .S.\MSO  t’ontract  KtMTOl -7(>-t'-0041 , are  as  follows; 

1.  Compactness:  A single  1.0-iiu'h  diameter  x 2.0  inch  long  photon-i'ouiiting 
tube,  whose  size  is  comparable  to  that  of  a single  conventionid  .spaee- 
hardened  photomultiplier  tube,  can  process  light  signals  for  up  to  nine 
gamma-ray  scintillation  detectors  with  the  present  diinle-array  design. 

2.  High  Camma-Hay  IXitoction  flfficiem-y:  Unlike  UdTe,  the  counting 
efficiency  of  the  rugged  Usl  scintillators  iised  In  the  prestmt  sensor 
is  not  limited  by  restrictions  on  the  size  of  the  crystal  whiidi  can  be 
manufactured.  Kfficieiu-ies  of  over  50  percent  have  been  olitained  with 
1.5-lnch  long  scintillators.  The  high  efficiency  and  unlimited  size 
allows,  relative  to  t'dTe,  larger  collimator  oiionings  ami  significantly 
larger  counting  rates  per  unit  radioactive  strength. 
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3.  Minimum  lH>rUirbation  of  Nusetip  I’aokaitiuK;  Duly  tl>e  small,  effii-ienl 
sointillators  (0.25  inch  diamolt'i'  x l.O  iiu'h  long)  ami  Hiin  fibor  i>plic 
buncllo  need  bo  positioned  in  the  nosetip  region.  The  sensor  and  elei'- 
tronics,  coupled  to  the  scintillators  via  tlie  flexible  fibor  optics,  can 
be  placetl  at  essentially  any  location  in  tlw  vehicle.  This  allows  mini- 
mum perturbation  in  the  nosetip  region  and  provides  maximum 
packagiuK  flexibility. 


•t.  Minimum  Nuclear  Itadiation  Crosstalk;  The  compact  nature  of  the 
scintillator  allows  much  more  complete  tungsten  shielding  both  around 
ntxl  behind  the  detector,  compared  to  other  systems.  CInuineltron  and 
photomultiplier  tul)es  are  attached  to  the  scintillators  aixl  do  not  offer 
as  much  flexibility  as  the  Diglcon  sensor  in  scintillator  placement  and 
shielding.  CdTe  requires  shock  isolation  which  restricts  detect»>r 
placement  and  occupies  volume  tlmt  could  otherwise  be  usetl  for 
shielding. 


fi.  Insensitivity  to  Vibration:  The  Digteon  sensor  has  demonstrated  the 


ability  to  survive  O.-l  g 'llz  and  with  vibration  isolation  is  insensitive 
2 


to  0.  « g 'llz  vibration  levels.  The  inherently  rugged  and  simple 
mechanical  design  of  the  IXgicon  tube  indicates  that  with  proper  care 
in  mounting  the  tube  and  associated  preamplifier,  the  sensor  should  be 
quite  insensitive  to  vibration.  In  addition,  the  sensor  electronics  can 
be  easily  positioned  in  regions  of  the  vehicle  with  relatively  low  vibra- 
tion input. 


li.  I'niquo  Itedundancy  Capability;  Several  fiber  optic  buiuiles  may  be 
attached  to  each  scintillator  without  sacrificing  detection  efficiency, 
lienee,  by  adding  a second  Digicon  tuln?  and  using  a bifurcated  fiber 
»>ptic  coupling,  the  sensor  reliability  can  be  significantly  enhanceil. 


Accommodates  Increase  in  Number  of  Itays;  Additional  data  channels 
can  be  added  with  minimal  volume  and  Diglcon  tube  impact. 


t 


Pf, 
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